Collaborative care is an intensive care model involving several health care professionals working together, typically a physician, a case manager, and a mental health professional. Meta-analyses of aggregate data have shown that collaborative care is particularly effective in people with depression and comorbid chronic physical conditions. However, only participant-level analyses can rigorously test whether the treatment effect is influenced by participant characteristics, such as chronic physical conditions. OBJECTIVE To assess whether the effectiveness of collaborative care for depression is moderated by the presence, type, and number of chronic physical conditions. DATA SOURCES Data were obtained from MEDLINE, EMBASE, PubMed, PsycINFO, CINAHL Complete, and Cochrane Central Register of Controlled Trials, and references from relevant systematic reviews. The search and collection of eligible studies was ongoing until May 22, 2015.
laborative care is more effective than usual care for depression.
Finding feasible and effective ways of integrating care for patients with depression and comorbid physical conditions remains a critical goal for health systems worldwide. There has been significant interest in the ability of collaborative care to improve care for people with depression and physical conditions. 11, 12 In the United States, the Community Preventive Services Task Force 13,14 recommends collaborative care for the treatment of major depression in adults but concedes that there are evidence gaps about the effectiveness of this approach in people with comorbid physical conditions. In the United Kingdom, the English organization responsible for clinical guidelines (National Institute for Health and Care Excellence) 15 recommends that collaborative care should be considered only for people with depression and comorbid physical conditions based on results from aggregate-data metaanalyses of 2 sets of trials: collaborative care for patients with depression and collaborative care for patients with depression and physical conditions. Although these recommendations were based on the best available evidence at the time, conducting 2 separate meta-analyses means that any differences in effectiveness may be confounded by differences between the trials (eg, location, quality, and intervention format) and may not be due to physical conditions. 16 In addition, some collaborative care trials that recruited people with depression would not necessarily have excluded those with physical conditions, especially trials conducted in older populations in whom such conditions are highly prevalent. [17] [18] [19] [20] [21] [22] [23] [24] [25] To reach international consensus about the most effective ways to manage depression it is critical that guidelines reflect the most robust analysis of the most current data. There is increasing recognition that individual participant data (IPD) meta-analysis is a better basis for modeling treatment effects than are aggregate data meta-analyses. 26 Individual participant data meta-analysis is more precise because it involves the application of standardized analyses across multiple data sets, overcomes sample size and reporting issues, and allows more sophisticated modeling of moderator effects. [26] [27] [28] In this context, IPD allows for more accurate coding of comorbidity based on actual patient health.
In the present study, we used IPD meta-analysis to test whether physical conditions moderate the effectiveness of collaborative care for depression outcomes. First, we examined whether studies that recruited individuals with physical conditions as part of inclusion criteria demonstrated greater effect of collaborative care on depression outcomes (ie, a studylevel moderator analysis). Subsequently, we examined whether the effectiveness of collaborative care on depression outcomes was moderated by the presence, number, and type of physical conditions reported by individual participants within trials (ie, participant-level moderator analyses). The results will provide a rigorous basis for recommendations about the types of people most likely to benefit from collaborative care and contribute to the wider debate about how multimorbidity influences treatment effectiveness.
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Methods
This IPD meta-analysis was conducted and reported according to published methodological guidelines. 31, 32 The PRISMA-D was completed (eTable 1 in the Supplement). The reference lists of reports of all included studies were screened for additional studies. We also asked authors of studies reviewed to identify additional published studies and trials in progress.
Information Sources
Eligibility Criteria
We used the same inclusion criteria reported by the Cochrane review, 10 except we excluded studies conducted in adolescents and studies that did not report a depression outcome (eMethods in the Supplement). The following factors were evaluated in study selection:
Key Points
Question Is collaborative care more effective for patients with depression and chronic physical conditions compared with patients with depression alone?
Findings This meta-analysis of individual participant data from 10 960 patients found no significant differences in the treatment effects of collaborative care between patients with depression alone and patients with depression and chronic physical conditions.
Meaning Collaborative care is an equally effective way to deliver depression care for patient with and without comorbid chronic physical conditions; existing guidance that recommends limiting access to collaborative care for patients with depression and chronic physical conditions should be updated.
Measuring Depression and Physical Conditions
All studies provided continuous depression scores measured using validated scales, including the Beck Depression Inventory, 33 the Center for Epidemiologic Studies Depression Scale, 34 the Hamilton Rating Scale for Depression, 35 and the Patient Health Questionnaire-9. 36 We focused on short-term depression outcomes reported between 4 and 6 months after randomization. Depression scores were standardized within each study, using the baseline SD and the follow-up mean score. At study level, 9 of the 36 comparisons recruited participants with a physical condition. 
Data Extraction and Preparation
We contacted the study authors to obtain primary data sets for the following data: treatment group, age, sex, baseline and follow-up depression scores, and number and types of physical conditions (eTable 2 in the Supplement). Received data were cleaned, converted into the same reporting format, and aggregated into a single data set. Initial separate analyses on depression outcomes were conducted for each study to ensure that our analyses were consistent with those reported in the original study. We extracted data from the published reports of all the eligible studies using a standardized Excel (Microsoft Inc) data extraction form. Data on populations, interventions, chronic conditions (used as moderator in the analyses), risk of bias, and outcome effect sizes were also extracted. Studies with data available to us were compared with studies with unavailable data in terms of outcome effect sizes and moderator analyses.
Missing Data
Multiple imputation techniques were used to obtain more complete data sets and to better protect against bias due to data missing at random mechanisms. Missing values for age and depression scores at follow-up were imputed with a multivariate imputation algorithm (mi impute mvn in Stata, version 14; StataCorp LP) using Markov chain Monte Carlo. 38, 39 This process produces several data sets, each of which is analyzed separately using the prespecified model; the results are then combined using Rubin's rules, 40 which account for uncertainty in imputed values. A total of 1000 new data sets with the observed and imputed scores for age and depression at follow-up were generated based on values obtained from study identification number, treatment group, baseline depression score, and sex. The range of imputed values was limited to the range of observed values of the variables. Time series and autocorrelation plots of the worst linear function were performed to monitor the convergence of the generated imputation algorithms. 41, 42 We examined whether baseline variables (study, treatment group, age, sex, and baseline depression scores) predicted missing data to confirm that the assumptions underlying imputations were met. Sensitivity analyses were performed using only cases with available data; no significant differences were detected in any of the reported results.
Statistical Analysis
One-step meta-analysis was undertaken because it is less susceptible to bias, is most efficient in terms of power, and allows for sophisticated modeling of covariates (age, sex, and baseline depression scores in the present study). 43, 44 A 1-step IPD meta-analysis constructs a model for the hypothesized treatment-covariate associations across all IPD sets while statistically accounting for clustering at the level of each included data set.
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Appropriate mixed-effects models (fixed study-specific intercepts, random treatment effect, and fixed studyspecific effects for baseline depression) were used to metaanalyze the participant-level data and estimate the betweenstudy and within-study variances and the effects of covariates. 46 Clustered RCTs were statistically accounted for in the model by adhering to the methodologic recommendations of Sutton et al. 47 The Stata, version 14, command mixed was used through the ipdforest command to summarize the evidence by study and obtain forest plots. 48, 49 A 1-stage meta-analysis variant of the I 2 statistic was used to assess heterogeneity. 50 We examined the impact of covariates separately, building a model based on both statistical and theoretical criteria. If studies included multiple treatment groups and a single control group, the treatment groups were treated as separate comparisons in the analyses, whereas, the control groups were halved at random to avoid double counting in the analyses. In accordance with published guidelines, 51 funnel plots were constructed to assess the potential for publication bias. Several prespecified primary analyses were performed. One analysis examined a study-level moderator (binary variable; participants with physical conditions as part of the study's inclusion criteria: yes, 1; no, 0). The other analyses examined moderators at patient level including the presence (binary variable; present, 1; absent, 0), number (continuous variable), and types of physical conditions (binary variables for each condition; present, 1; absent, 0).
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We conducted 2 secondary analyses to examine the robustness of the results and assessed whether the results remained the same after controlling for the risk of bias scores of the studies (based on allocation concealment item). Allocation concealment was selected as an indicator of risk of bias because it is the most sensitive item to changes in the treatment effect, especially when based on self-reported outcomes. [52] [53] [54] We also explored whether the main effects were influenced by the measure used to assess physical conditions (use of validated comorbidity severity indices).
Results Figure 1 presents the flowchart of the study selection process. A total of 76 RCTs (22 284 Available and unavailable studies were compared in terms of population, intervention, and risk of bias characteristics, as well as outcome data. We selected these specific characteristics based on the results of 2 previous reviews 12, 16 that applied meta-regression analyses to identify moderators of the main effect of collaborative care interventions. As reported in the 
Association Between Number of Chronic Physical Conditions and the Effectiveness of Collaborative Care on Depression Scores
The interaction term between number of physical conditions and treatment effect was nonsignificant (interaction coefficient, 0.00 [95% CI, −0.01 to 0.02]) (Figure 4 ) (References 12, 19, 21, 24, 56, 57, 59, 60, 63, [65] [66] [67] [68] [69] [70] [71] [72] [74] [75] [76] [77] [78] [79] [80] [81] [82] . This finding suggests that the improvement of depression scores at follow-up does not differ according to the number of physical condi- 
Strengths and Limitations
To our knowledge, this study is the most methodologically rigorous test of the influence of physical conditions on the effects of collaborative care on depression outcomes. 26, 83 However, there are several limitations. Individual participant data meta-analysis remains vulnerable to important sources of bias, including publication, study or reviewer selection, and data availability bias. 51 No funnel plot asymmetry was detected, suggesting that publication bias is not likely to be present in the overall data set. Study selection bias was minimized by including studies through multiple sources (ie, an existing standard Cochrane review, 10 top-up database searches, and author requests) using strict prespecification of trial eligibility criteria. These efforts facilitated access to data from approximately half of the participants included in published RCTs of collaborative care for depression, which is below the recommended recruitment target (80% of data requested). 51 We observed some differences between available and unavailable studies, but these differences rarely reached statistical significance. For example, the overall effect size was smaller than that found in the previous Cochrane review. 10 This difference is likely to be explained by the fact that less than half of all collaborative care trials were included in this IPD analysis, and these trials were generally larger than those that were not included. It is important to continue to develop effective methods and agreements about data sharing to ensure that future analyses have better access to data. Another limitation of the study is that the evaluation of physical conditions was not pursued in an entirely consistent manner across trials. Most of the trials assessed the number of physical conditions using validated comorbidity indexes that contain extensive lists of physical conditions, but some trials used less-comprehensive lists of physical conditions that were empirically devised. 37 Although we separately examined the influence of 5 common physical conditions, participants could have more than 1 of these conditions. The experience and interactions of multiple concordant or discordant conditions 84 is another possible factor to recognize why people might respond differently to depression treatment. The use of multiple mixed-effects regression analyses of IPD and controlling for covariates significantly reduces the possibility of bias present in aggregate data meta-analyses (eg, ecologic fallacy or Simpson paradox). 26, 83, [85] [86] [87] However, we recommend interpreting these findings cautiously since some of these biases might still operate. Finally, there were important between-study variations, including intervention content (collaborative care is generally heterogeneous) 10 and depression measures. However, these study-level variations are unlikely to influence the participant-level analyses that showed that chronic physical conditions do not moderate the effectiveness of collaborative care. A post hoc sensitivity analysis indicated that the results were similar regardless of using self-reported or observer-rated measures for depression.
Comparison With Previous Systematic Reviews
Previous systematic reviews 12, 16 have examined moderators of the effect of collaborative care on depression outcomes but were based on aggregate data and used meta-regressions. Improved depressive outcomes were predicted by the inclusion of psychological interventions, and the use of antidepressant medication was predicted by recruiting people with physical conditions. 12 Based on these findings, it was proposed 12 that patients with physical conditions may derive greater benefits from collaborative care compared with patients without physical conditions. As noted above, these analyses are a less-robust basis for decision making because they are insensitive to variation in physical conditions at the level of individual patients. In this IPD meta-analysis, we found no support for this hypothesis.
Implications for Clinicians, Policymakers, and Researchers
This study suggests that depressed patients with and without comorbid physical conditions gain important improvements in depression outcomes from collaborative care. As such, our findings do not support the recommendation by the National Institute for Health and Care Excellence that collaborative care should be considered only for people with depression and comorbid physical conditions with functional impairment. 15 Limiting collaborative care to people with depression and comorbid physical conditions does not appear to be a reasonable policy recommendation with important implications for patient benefit. Individual participant data meta-analyses are underused in the development of clinical guidelines, and the next iteration of guidelines for depression could be improved by using the most-reliable evidence available. ment and management of physical health outcomes along with mental health outcomes has the potential to boost the effectiveness of collaborative care in people with physical comorbidities. However, the overall treatment benefits associated with collaborative care are modest. 10 It is therefore legitimate to suggest that future treatment policy guidelines should also be grounded on the comparative cost-effectiveness of collaborative care to other types of interventions.
Conclusions
To our knowledge, this IPD meta-analysis represents the most rigorous and precise analysis to date on the extent to which physical conditions influence the effectiveness of collaborative care on depression outcomes. People with depression derive significant benefits from collaborative care regardless of the presence, number, or type of comorbid physical conditions. The core challenge now is to understand how to deliver these interventions at scale in routine settings and to better operationalize the treatment outcomes to maximize patient benefits.
